Activation of the nuclear factor κB (NF-κB) signaling pathway may be associated with the development of cardiac hypertrophy and transition to heart failure (HF). The transgenic mouse, MyoTg, develops hypertrophy and HF as a result of overexpression of myotrophin in the heart associated with elevated level of NF-κB activity. Using this mouse model and an NF-κB-targeted gene array, we first determined the components of NF-κB signaling cascade and the NF-κB-linked genes that are expressed during the progression to cardiac hypertrophy and HF. Secondly, we explored the effects of inhibition of NF-κB signaling events by using gene knock-down approach: RNA interference (RNAi) through delivery of a short hairpin RNA (shRNA) against NF-κB-p65 using a lentiviral vector (L-sh-p65). When the shRNA was delivered directly into hearts of 10-week old Myo-Tg mice, a significant regression of cardiac hypertrophy, associated with significant reduction in NF-κB activation and atrial natriuretic factor (ANF) expression. Our data suggest, for the first time, that inhibition of NF-κB using direct gene delivery of sh-p65-RNA results in regression of cardiac hypertrophy. This data validates NF-κB as a therapeutic target to prevent hypertrophy/HF.
INTRODUCTION
Cardiac hypertrophy and heart failure (HF) are the major cause for the morbidity and mortality in humans (1) . Hypertrophy is attributed to a number of diverse stimuli, including physiological, mechanical, hormonal, and even genetic influences (2) . The underlying molecular mechanisms are still not clearly understood. NF-κB is a ubiquitous inducible transcription factor that activates a number of genes known to play roles in various cardiovascular disease states (3) (4) (5) (6) (7) , in the pathogenesis of cardiac remodeling, and HF (8) (9) (10) (11) (12) . Recently, we have shown that NF-κB activation occurs during the development of cardiac hypertrophy in spontaneously hypertensive rats (SHR) and also in failing human hearts (13, 14) .
of Myo-Tg mice that include lungs, brain, liver and kidney. Our data showed that the NF-κB activity was found only in the heart but not the other organs suggesting it's specificity to the heart only (1B). Furthermore, western blot analysis showed nuclear translocation of NF-κB as early as 4 weeks of age and was further increased at 36 weeks of age. Histone protein was used as an internal loading control (Fig. 1C) . We also determined the localization of active p65 protein in the myocardium and observed a robust expression at the end stage of hypertrophy (Fig. 1D) . We confirmed our findings by isolating adult myocytes from WT and Myo-Tg mice at 16 weeks of age. Our data showed a significant activation of p65 NF-κB protein (green stain) in Myo-Tg adult myocytes (Fig. 1E) and an enhanced NF-κB activation at 16 weeks of MyoTg mice (Fig. 1F) .
Myotrophin protein was determined at initiation (4 weeks), progression (16 weeks) and transition (36 weeks) phases of cardiac hypertrophy. Our data showed a significant increased in myotrophin protein level in Myo-Tg mice compared to WT littermates ( Fig. 2A) . Phosphorylation of IκBα was detected by as early as 4 weeks of age and attained a maximum at 36 weeks (Fig. 2B) . A low level of IκBα phosphorylation was found to be present in all WT mice, probably because of low-level NF-κB activation they exhibited. Cardiac IκBα levels were significantly higher (1.8-, 2.6-and 3.5-fold respectively, p < 0.001) than in the corresponding WT littermates (Fig. 2C ). Our data also revealed a linear increase in the pIκBα/IκBα ratio (1.2, 1.3, and 1.54) at 4, 16, and 36 weeks, respectively. In contrast, IκBβ levels did not differ between WT and Myo-Tg mouse hearts (Fig. 2D ). Actin antibody was used as an internal protein loading control (Fig. 2E ). To explore whether the activation of NF-κB in Myo-Tg mice is mediated through IKKβ, we determined the IKKβ activity in Myo-Tg mice and WT mice hearts (Fig. 2F) . IKKβ activity was detected in all Myo-Tg mouse hearts and was very low in WT hearts. In extracts from Myo-Tg mice, a 4.8-fold increase in IKKβ activity was observed at 16 weeks and a 2.9-fold increase (p < 0.001) at 36 weeks, compared with 4-week-old Myo-Tg mice. b) Status of transcriptional level of IκBα and p65 and other NF-κB-dependent genes-We investigated the level of mRNA expression of myotrophin, IκBα and p65 by northern blot analysis in Myo-Tg and WT mice during progression of cardiac hypertrophy. Myotrophin mRNA level was significantly induced at 4-,16-and 36 weeks of age in all MyoTg mice compared to WT littermates (Fig 3 A) . IκBα mRNA levels increased 2.5-, 3.6-, and 3.8-fold (p < 0.001) in Myo-Tg mice; p65 mRNA levels in 4-, 16-and 36-weeks-old Myo-Tg mice also increased by 1.8-, 2.9-, and 3.2-fold (p < 0.001) respectively, compared with WT mice (Fig. 3 B-D) . 18 S RNA was used as an internal loading control ( Fig. 3 B and 3 
E).
To determine the expression profile of NF-κB-regulated inflammatory gene expression in MyoTg mice, we performed a northern blot analysis. Genes studied were tumor necrosis factor-α (TNFα), interleukin (IL)-1β, IL-6, atrial natriuretic factor (ANF), and c-myc, which are already known to play a critical role in HF. The results are summarized in Fig. 3F (a to f) . Compared with WT mice, Myo-Tg mice hearts showed a significant increase in mRNA levels for the inflammatory cytokines (TNFα, IL-1β, and IL-6) as well as ANF and c-myc (cardiac hypertrophy marker genes). TNFα, ANF, and IL-6 showed maximum expression (4.8-, 5.2-, and 5.6-fold, respectively, compared to WT mice, p < 0.001) at the end stage of hypertrophy (Fig. 3F a, b , and e).
To gain insight into the NF-κB-target gene activation at 4 and 36 weeks of age, we used the TranSignal™ mouse NF-κB Target Gene Array System. The complete expression profile of NF-κB-targeted gene array at 4 and 36 weeks of age for both Myo-Tg and WT mice is shown in Appendix I (see supplement). We used p < 0.001 as the critical level (Bonferroni's correction). Genes found to be upregulated consistently during the onset of hypertrophy (fold value ≥2.4 compared to WT) were IL-m, IL-10 and IL-11, alox-12, Bcl 21, cyclin D1 and D3, CSF-2, CSF-3, Fcer2a, HAS-1, IκBα, IGBP-2, mnSOD, NF-κB-2 Ptx3, PTGIS-2, and TNFα. Genes found to be upregulated at 36 weeks of age (fold value ≥2.4 compared to WT) were alox-12, AHRR, ADORA-1, apoC3, bcl2a1a, BLR- 1, cyclin D1 and D3, CSF-2 and  CSF-3, HMGN-1, GRO-1, HMG-14, Hmox-1, has-1, ICAM-1, IRF-2, IL-10, IL-11, IL-6,  LOX-1, LAMB-2, MAD3 (IκBα), MadCam-1, myc, NF-κB-1 and 2, olr-1, PENK-1,  PDGFβ, pax8 , PTGIS, TNFα, and VEGFc. Gene's upregulated only during the progression from hypertrophy to HF were AHRR, ADORA-1, bcl2a1a, BLR-1, GSTP-1, GRO-1, HMGN-1, fasL, IRF-2, ICAM-1, LAMB-2, NF-κB-1, MadCAM-1, myc, PDGF, and rel. B) Effect of transduction of L-sh-p65 gene on myotrophin-induced myocytes growth To evaluate the role of NF-κB in myotrophin-induced myocytes growth, we took RNAi approach Neonatal rat myocytes were transduced with lentivirus plasmid containing sh-p65 and EGFP, (LRV-U6-p65-CMV-EGFP), mentioned as (L-sh-p65) in the text, in the presence or absence of myotrophin, and NF-κB activation was determined by EMSA. Our data showed a significant inhibition of NF-κB activity in presence of myotrophin in L-sh-p65 transduced cells (Fig.  4A ) (68.4% reduction compared to myotrophin-stimulated neonatal myocytes, p < 0.001) whereas in non-transduced cells NF-κB activation was observed. Further confirmation of NF-κB binding was determined by western blotting in which p65 translocation was significantly inhibited in L-sh-p65 transfected cells (Fig. 4B ). Histone was used as an internal nuclear protein loading control (Fig 4B lower panel) .
To determine the role of NF-κB in myocyte growth, we measured [ 3 H]-leucine incorporation into myocyte protein. Our data demonstrated that myotrophin-induced enhanced protein synthesis was significantly inhibited in L-sh-p65-transduced myocytes (76.6% ± 3.8 vs. 31.1% ± 5.8 over control; p < 0.001) suggesting a potential role NF-κB in myocyte growth (Fig. 4C) . The scramble sequence did not show any inhibitory effect on myotrophin-induced 3 H leucinene incorporation. Furthermore, ANF expression was significantly attenuated in L-sh-p65-transduced myocytes (168.8 ± 5.8 vs. 48.6 ± 4.3) compared to myotrophin-stimulated myocytes (Fig. 4D) . The scrambled sequence did not show any effect on ANF expression. C) Effect of L-sh-p65 treatment on cardiac mass, and function and NF-κB signaling components in Myo-Tg mice L-sh-p65 lentiviral vectors were directly injected into the myocardium of two groups of 10 weeks old mice (n=6) over a period of 6 weeks and we determined the cardiac mass remodeling and expression of EGFP to confirm the localization into the myocardium. As shown in Fig.  5A and B, L-sh-p65-treated Myo-Tg mice show a significant attenuation of heart weight to body weight ratio in comparison to a mice with a sham procedure (ratio of 9.6 ± 0.05 vs. 6.8 ± 0.33, p = 0.002) and EGFP expression was found in the myocardium as shown in Fig 5C , which was absent in WT mice. Echocardiographic data from 6-week sh-p65-treated Myo-Tg mice showed an improvement of cardiac function compared to untreated Myo-Tg mice. The left atrial area was marginally decreased in sh-p65-treated animals. When compared with the untreated group, sh-p65-treated mice showed a significant improvement of ejection fraction (25.82 ± 1.16 vs. 39.57 ± 1.9; p < 0.06) (Fig. 5 D) . Similarly, Doppler myocardial tissue velocities and fractional shortening were marginally increased in sh-p65-treated group (data not shown). Thus, all three systolic parameters showed a change in the same direction with improvement in animals with inhibited NF-κB activation.
To establish the cause-and-effect relationship of NF-κB activation and cardiac remodeling, we analyzed the NF-κB signaling components. Direct delivery of the NF-κB-targeted shRNA into the hearts of Myo-Tg mice resulted in significant reduction in NF-κB activity (208. 7.1 ± 7.1 vs 132.3 ± 11.0; 35.7% compared to sham; p = 0.002,) and inhibition of translocation of p65 protein into the nucleus but there was no effect on WT mice (Fig. 5E, F and G) . The amount of total IκBα cytosolic protein was analyzed by immunoblot analysis. L-sh-p65 treatments significantly reduced IκBα levels in Myo-Tg mice (39.2% compared to sham; p =0.002) ( Fig  5H) . We further determined the mRNA levels of IκBα and p65. L-sh-p65-treated Myo-Tg mice showed a significant reduction of both IκBα and p65 (49.6% and 52% reduction compared to sham, respectively; p= 0.002) (Fig. 5I ). Our studies also revealed the down-regulation of ANF and TNFα (32.3%, 36.4%, respectively, p< 0.001) (Fig 5I) .
DISCUSSION
The novel and most significant finding in this study is that activation of the NF-κB signaling cascade is necessary for the initiation of hypertrophy and plays an important role in the progression of hypertrophy to HF. We analyzed for the first time NF-κB-targeted gene expression during the onset of hypertrophy and its transition to HF. Furthermore, to establish a cause and effect relationship between NF-κB activation and remodeling of cardiac mass, we demonstrated that either by knocking down the NF-κB-p65 gene using lentivirus-mediated siRNA delivery or by treating Myo-Tg mice with a NF-κB inhibitor, PDTC (data not shown) lead to attenuation of cardiac mass with improved cardiac functions. Lentiviral delivery of the shRNA was the first demonstration of direct gene delivery and activity of siRNA in the mouse heart. This multifaceted study may provide new ideas for drug development in the treatment of human HF. Here, we reported five lines of evidence that substantiate these findings.
First, in Myo-Tg mice, NF-κB was activated during the initiation phase of hypertrophy (4 weeks) and became most pronounced in the myocardium at 36 weeks, i.e. the end stage of HF (Fig. 1A, C and D) . This observation was substantiated by localization of active NF-κB-p65 protein in the myocytes from 16-week-old Myo-Tg mice ( Fig. 1E and F) thus emphasizing the important role of this transcription factor in the process.
Second, Myo-Tg mouse hearts showed a gradual increase in the phosphorylation of IκBα along with a significant increase in total cytosolic content of IκBα protein, but not IκBβ protein, compared to WT mouse hearts (Fig. 2B , C, and D). These findings provided insight into the role of IκBα proteins during HF. The enhanced level of IκBα may be explained by its rapid turnover and auto-feedback mechanism. Because IκBα promoter region contains an NF-κB binding site, IκBα is quickly re-synthesized, bound to the NF-κB DNA element in the nucleus and transactivated. This auto-regulatory feedback circuit maintains a transient expression of different NF-κB responsive genes that has been illustrated in other cell types under other stimuli (31, 32) . Based on this concept, we suggest that increased levels of IκBα may be beneficial as it releases NF-κB from DNA binding and eliminates further NF-κB activation. The multisubunit IκB kinase (IKK) is responsible for the phosphorylation of IκBα, which appears to be an important phenomenon in NF-κB activation (18, 19, 33) . IKKβ also primarily accounts for the activation of NF-κB in response to inflammatory stimuli, whereas IKKα is essential for keratinocyte differentiation (34) (35) (36) . Recent studies have demonstrated that a multi-subunit IKK complex, which contains two interacting catalytic subunits, IKKα and IKKβ, and a regulatory subunit, IKKγ, mediates specific phosphorylation of IκBα at Ser 32 and Ser 36, resulting in NF-κB activation (18, 19, 37) . The hearts of Myo-Tg mice showed a significant increase in IKKβ activity at 16 weeks, followed by a gradual decrease (Fig. 2F) , suggesting that enhanced IKKβ activity leads to IκBα phosphorylation and subsequent translocation of NF-κB. It is difficult to explain why IKKβ activity is peaked at 16 weeks of age but it could be due to the same auto-feedback mechanism (37, 38) and that reduces IKKβ activity during HF.
Myo-Tg mouse hearts also showed upregulation of IκBα and p65 mRNA compared with those of WT mice ( Fig. 3 C and D) . Upregulation of IκBα mRNA may also be explained by the presence of NF-κB binding sites in IκBα gene, as described above. Recent studies have suggested the existence of an auto-regulatory feedback mechanism in NF-κB/IκBα activation (5,39) leading us to speculate that IκBα controls NF-κB activation and activated NF-κB in turn regulates expression of the IκBα gene.
Third, Myo-Tg mouse hearts showed upregulation of several NF-κB-dependent genes (TNFα, IL-1β, IL-6, c-myc, and ANF) during progression of cardiac hypertrophy (Fig. 3F) . Regulation of these genes may therefore depend on activation of NF-κB as the promoter regions of these genes contain NF-κB binding sites (6) . In addition, for the first time, we report the participation of NF-κB-targeted genes as a causal factor during the onset of hypertrophy and its progression to HF by using NF-κB-target gene array. The expression of NF-κB target genes depends not only on the activity of NF-κB itself, but also on a number of other factors, including NF-κB's interaction with other transcription factors, and the level of expression may vary under different physiological conditions. It will be intriguing to analyze these genes at their protein level as they may represent novel cardiac-specific genes and may potentially provide keys to unlocking the underlying mechanisms of HF. Investigations to elucidate the function of these genes are currently underway and may eventually define these genes as a new therapeutic target for increased myocardial protection (5, 38, 40) .
Fourth, most importantly, to correlate an association between alteration between cardiac mass and NF-κB activation, we have utilized RNAi technology both in vitro and in vivo. Knocking down of NF-κB-p65 gene in neonatal myocytes showed a significant inhibition of myocyte growth and ANF expression (Fig. 4) . A significant reduction in cardiac mass associated with improved cardiac function and an attenuation of the NF-κB activation cascade were observed when shRNA-p65 was introduced in a lentiviral expression vector directly into the hearts of Myo-Tg mice (Fig. 5) . This is the first report of in vivo demonstration of the effect of knowing down of NF-κB-p65 in cardiac remodeling. RNAi is mediated by the RNA-induced protein complex (RISC), guided by siRNA to achieve the specific recognition of homologous mRNA sequences and subsequent degradation of the mRNA by nucleases [(41,42) . Our studies also suggest that sh-p65 gene delivery is not toxic and the effects appear to be specific and last over several weeks, a period of time sufficient to analyze the phenotypic changes. We observed only a partial inhibition of the protein, which can be explained by various means (e.g., dose and kinetics, persistence of protein after transfection, design of the molecule, and most importantly the limitation of the RISC complex).
It has been reported that cardiac-specific overexpression of an IκBα triple mutant (S32A, S36A and Y42F) completely blocked cytokine-induced NF-κB activation in response to TNFα-induced cardiomyopathy (43, 44) . Data from studies on these 3M mice suggest that the serine and tyrosine phosphorylation pathways are differentially activated in different cardiac pathophysiological processes and NF-κB plays an important role in this process. Recently, a genetic breed was made between TNFα transgenic mice and p50 knock out mice to assess whether the cardiotoxic effects of proinflammatory cytokines were mediated through NF-κB (45, 46) and revealed that blockade of NF-κB activation attenuated myocardial inflammation and improved cardiac function in male TNFα transgenic mice. All these results corroborate the findings of our report.
Cumulatively, our data indicate that NF-κB and its known signaling cascade play key roles in the initiation of hypertrophy and transition to HF in the Myo-Tg mouse model. Delivery of the L-sh-NF-κB-p65 gene into Myo-Tg mouse hearts inhibited the NF-κB signaling cascade, attenuated cardiac mass, and improved cardiac function. The data from this study suggest that inhibition of NF-κB will offer a therapeutic benefit in prevention of hypertrophy/HF.
MATERIALS AND METHODS

Generation of transgenic mice overexpressing myotrophin in the heart
The generation of our Myo-Tg mice has been described previously (26) . The studies were conducted with the approval of The Cleveland Clinic Foundation's Institutional Review Board. Age and sex-matched wild type (WT) mice were used for comparison with Myo-Tg mice. We considered 4 weeks of age as the onset of hypertrophy [heart wt: body wt = 6.2 ± 0.3 (MyoTg) vs. 4.2 ± 0.14 (WT); p < 0.05], 16 weeks as the progression [heart wt: body wt = 8.8 ± 0.25 (Myo-Tg) vs. 5.0 ± 0.12 (WT); p < 0.05] and 36 weeks as a transition phase of hypertrophy to HF [heart wt: body wt = 12.3 ± 0.025 (Myo-Tg) vs. 4.5 ± 0.1(WT); p < 0.05].
Extraction of cytoplasmic, nuclear protein, western blotting and northern blotting
Nuclear and cytoplasmic extracts were made according to the method described by Dignam et al. (47) . Western blot analysis was performed as described previously (14) . Total RNA was isolated from the ventricle of WT and Myo-Tg mice according to the protocol of Chomczynsky and Sacchi, 1987 (48) and northern blotting was performed as described previously (25) .
Electrophoretic mobility shift assay (EMSA), IKKβ activity and histological analysis
An EMSA was performed using a double-stranded NF-κB oligonucleotide as a probe, as described previously (25), (14) . The sequence of NF-κB probe used in this study was 5′AGT TGA GGG GAC TTT CCC AGG C3′. Left ventricular tissue from age-matched WT and MyoTg were homogenized and IKKβ activity was determined as described previously (14) . Sections were then photographed with an Olympus photomicroscope at 20 X magnification.
NF-κB-target gene array analysis
The NF-κB-target gene array was performed using the TranSignal mouse NF-κB Target Gene Array kit from Panomics, Inc. (Redwood City, CA) as described previously (14) .
Design and construction of L-sh-p65
The shRNAs were designed such that the antisense strand came before the sense strand during transcription. The sense sequence was followed by the loop sequence 5′ TTC AAG AGA 3′ and then by the antisense sequence to form a hairpin. These small oligonucleotides had Eco RI and Sal I overhangs to allow for ligation into the Sal I/Eco RI sites immediately after the U6 promoter of the lentiviral plasmid, LRV-U6-CMV-EGFP (L). Clones were verified by sequencing. The empty vector was used as a control plasmid in this study. A scrambled sequence of the same length was also used as a control. The sequences for the two strands of the construct for L-sh-p65 were as shown: 
Viral production and purification
Preparation, purification of the lentiviral particle and transfection were done as described previously (49) . In brief, the lentivirus particles were typically made by transfecting 293-T cells with the LRV-U6-CMV-EGFP plasmid containing either sh-p65 (L-sh-p65) or scramble insert. Viral supernatants were harvested 48 and 72 h post-transfection and filter sterilized through 0.45μ. Using this system, we achieved optimal yields of vector of high transducing efficiency (10 6 -10 7 transducing units (TU)/mL and close to 10 4 TU/ng of p24 core protein). The virus particles were further concentrated by spinning 150 ml of viral supernatant at 30,000 rpm for 2 h in an ultracentrifuge and resuspending in 150 μl of serum free Dulbecco's modified Eagles's medium F12 (DMEM-F12) media. The final concentration of viral particles are 10 9 -10 10 /ml.
Lentiviral transduction
Twenty-four hours after plating, rat neonatal cardiomyocytes were transduced (in triplicates) separately in six-well laminin coated plates with 30 MOI of L-sh-p65 and LRV-U6-CMV-EGFP (control) viral particles in presence of 8 μg/ml of polybrene. We use 2 ml of viral supernatant, which contain 2 × 10 7 -10 8 viral particles for each transduction experiment. After 48 hours, the efficiency of the transduction was measured by monitoring EGFP expression under fluorescence microscope. The transduction efficiency was found to be 80-90% after two successive infections.
Immuno-cytochemical analysis
Adult mouse myocytes were washed in DMEM-F-12 containing 10% FBS two times and plated on laminin coated six-well plates for over night. Immuno-cytochemical and confocal analysis were performed as described before (17) .
Preparation of cardiac neonatal myocytes and measurement of protein synthesis
Neonatal rat myocytes using 3-day old rat pups were prepared as described previously (25) . To determine the rate of protein synthesis in myotrophin-induced myocyte growth, bioassays were performed as described previously (25) . In brief, after transduction, cells were stimulated with myotrophin for 16-18 hours followed by 10μCi of 3 H leucine for two hours. Cells were TCA precipitated and [ 3 H] leucine incorporation was measured.
Delivery of siRNA using the lentiviral vector
Animals (WT and Myo-Tg mice) were anesthetized using 0.1 mL of cocktail of ketamine and xylene (1 mL ketamine, 0.9 mL xylene, and 1.5 mL of PBS), ventilated, and subjected to a lateral thoracotomy for direct visualization. We gave two injections (40 μL each) containing sh-p65 gene (4 × 10 6 -10 7 ) in each of the anterior-septal and posterior-lateral walls and one injection near the apex of the heart. There were 5-8 mice per treatment group. At the end of a 6-week treatment period, the animals were sacrificed, their hearts were removed, and the following parameters were determined: a) cardiac mass, b) body weight, c) NF-κB activation, d) p65 gene and protein expression, and e) ANF expression.
Determination of cardiac function data collection and analysis
Echocardiography was performed using a Vivid 7 echocardiography machine (GE Medical, Milwaukee, WI). LV mass and velocity of the posterior wall were calculated by bullet equation (50) and tissue Doppler echocardiography (TDE) mode (51) . In brief, mice were assessed in a conscious state in a supine position. Data were analyzed using Echopac PC (GE Medical, Milwaukee, WI), M-mode echocardiography, 2-dimensional echocardiography (frame rate >160 fps) using a 14MHz epicardial linear transducer. Data were digitized and stored in a proprietary format for further analysis. Left atrial area was measured from the basal short-axis view of the heart that maximized left atrial appendage size. LV end-diastolic and end-systolic diameters (LV-EDD and LV-ESD) measured from M-mode data in a standard manner. Fractional shortenings (FSh) were calculated as Fsh = 1 -LV ESD/ LV EDD where the diameters are measured from M-mode data. LV end-diastolic and end-systolic volumes were measured from the parasternal short-and long-axis view by bullet equation. LV mass was calculated from 2D echocardiography data by bullet equation also. We reconstructed the velocity of the posterior wall of the left ventricle using parasternal short-axis view at the papillary muscle level recorded in TDE mode. The region of interest for the analysis was set to 1×1 mm. At least 6 beats were averaged to obtain peak myocardial tissue systolic velocity of the posterior wall.
Statistical Analysis
Results are expressed as mean ± S.E and the differences between groups were by paired Student's t test. Differences were considered significant at p < 0.001. Data were also analyzed by two-way analysis of variance (ANOVA) using GraphPad Prism software (GraphPad Software, Inc., San Diego, USA) for L-sh-p65 transduced animals. For NF-κB-target gene array analysis, genes are arranged in order by the t-statistic, i.e. from largest to smallest standardized difference in mean. We used 0.001 as the critical level (Bonferroni's correction). NF-κB activation during progression of hypertrophy in Myo-Tg mice hearts. (A) Nuclear protein was extracted from the hearts of 4-, 16-, and 36-week-old WT and Myo-Tg mice. Binding reactions were performed with an NF-κB oligonucleotide labeled with 32 P-dATP. The complex formation was eliminated with excess unlabeled NF-κB oligonucleotide. The complex formation was confirmed by supershift analysis using p65 antibody. NE: Nuclear extract from 16 week Myo-Tg mice. (B) Nuclear protein was extracted from lung, brain, kidney, heart and liver separately and binding reactions were performed as described in (A). (C) Western blots profile of NF-κB p65 protein into the nucleus. Histone antibody was used as an internal nuclear protein loading control. (D) Expression of p65 active protein in the heart section of both WT and Myo-Tg mice and were photographed with an Olympus photomicroscope at 20 X magnification. This figure is representative of six different mice in each group (WT and MyoTg). (E). Confocal images of p65 protein from adult myocytes taken from WT and Myo-Tg mice at 16 weeks of age and were stained with p65 polyclonal antibody followed by FITCconjugate (green), alpha-sarcomeric actinin monoclonal antibody for myocyte staining (red), followed by Texas Red-conjugate and DAPI (blue) for nuclear staining. Immunofluorescent NF-κB p65 staining was observed using a laser scanning confocal microscope and 63 X, 0.7 oil immersion objective lens. The figure is a representative of 3 different mice. The arrow indicates the translocation of NF-κB-p65 orotein into the nucleus. (F) EMSA analysis using nuclear extract from adult myocytes from 16-week old Myo-Tg mice. 
NF-κB targeted gene expressed at 4 weeks Tg mice (n= 4)
